We report the case of a 35 year old African American female who developed hypertrophic olivary degeneration secondary to resection of a pontine cavernous malformation. The patient initially complained of headaches and diplopia. Unenhanced computed tomography (CT) and magnetic resonance images (MRI) of the brain revealed a left pontine cavernous malformation with scattered foci of recent and remote hemorrhage. The patient subsequently underwent surgical resection of the lesion. Follow up MRI 7 months post surgery demonstrated hypertrophy and T2 signal hyperintensity in the ipsilateral inferior olivary nucleus secondary to hypertrophic olivary degeneration. Familiarity with this diagnosis and its imaging characteristics is required of the radiologist to prevent erroneous diagnoses of other pathology.
CASE REPORT
A 35 year old African American female with a history of prior intracranial hemorrhage presented with headaches and acute 6th nerve palsy of three weeks duration. At the time of her first hemorrhage she had been diagnosed with a pontine cavernous malformation. She was managed conservatively at that time and had remained asymptomatic for a number of years until the present episode. Upon re-admission, an unenhanced CT of the brain showed a focal hyperdensity in the left pons causing mild effacement of the 4th ventricle ( Figure  1 ). MRI demonstrated blood products of varying ages with foci of acute/subacute hemorrhage in the left dorsolateral pons (Figure 2A -C) compatible with a cavernous malformation (Zabramski Type 1). No enhancement was seen after administration of intravenous gadolinium, and no abnormality was seen in the medulla oblongata at initial imaging.
Surgical resection was undertaken due to the patient's recurrent symptomatic hemorrhages and pathology was consistent with a pontine cavernous malformation. Routine follow up MRI of the brain 7 months after discharge showed post operative changes with prominent T2 signal hypointensity in the area of prior hemorrhage related to hemosiderin and ferritin deposition( Figure 3A) .
However, new focal abnormality was seen in the brainstem. T1 sequences demonstrating swelling ( Figure 3B ) and T2 images signal hyperintensity ( Figure 3C ) in the ipsilateral medulla oblongata corresponding to the location of the inferior olivary nucleus. These changes are most obvious on FLAIR (Figure 4 ). There was no corresponding enhancement with gadolinium, and diffusion weighted sequences showed no restriction. The patient had no clinically observable palatal tremor and her diplopia had improved. MR imaging was performed on two different 1.5T MR scanners (Symphony-Siemens, Medical Solutions USA, Malvern PA, USA and Signa Excite--General Electric, Medical Systems, Milwaukee, WI, USA).
Hypertrophic olivary degeneration (HOD) is a rare form of neuronal degeneration that occurs secondary to any injury that disrupts the afferent fibers to the inferior olive within the dentato-rubro-olivary tract (Triangle of Guillain-Mollaret) [1] .
DISCUSSION CASE REPORT
Deafferentation causes transsynpatic degeneration and leads to hypertrophy of the inferior olive in a specific timeframe as demonstrated on MR imaging [2] . Classically, disruption of the triangle of Guillain and Mollaret results in clinical palatal myoclonus or other dentatorubral tremor [3] .
The triangle of nerve tracts involved in the genesis of HOD was first described by Guillain and Mollaret in 1931 [1] . These dentato-rubro-olivary fibers connect the ipislateral red nucleus and inferior olive with the contralateral dentate nucleus . Efferent fibers from the dentate nucleus course in the superior cerebellar peduncle and connect to the contralateral red nucleus after decussating in the brachium conjuntivum [4] . The red nucleus in turn sends efferent fibers through the central tegmental tract to the ipsilateral inferior olivary nucleus. The inferior olive is connected to the contralateral cerebellum via the inferior cerebellar peduncle thus forming a triangle ( Figure 5 ). Typically lesions disrupting the superior cerebellar peduncle or central tegmental tracts lead to HOD because de-afferentiating the inferior olivary nucleus is the key phenomenon [3, 5] . Site of the inciting lesion localizes the subsequent HOD. If the lesion affects the red nucleus or central tegmental tract, HOD is ipsilateral [6, 7] . Alternatively if the lesion is in the superior cerebellar peduncle or dentate nucleus, HOD occurs in the contralateral inferior olive [8, 9] . If a lesion involves the brachium conjunctivum (decussation of the superior cerebellar peduncle) or interrupts both the central tegmental tract and superior cerebellar peduncle, bilateral HOD occurs [10, 5] . Lesions involving the inferior cerebellar peduncle do not typically cause HOD, however, some patients with HOD demonstrate contralateral cerebellar atrophy presumably mediated by the olivo-dentate fibers [8] . Rare cases of bilateral HOD have been described with lesions affecting a single cerebellar hemisphere; the reason for which is not clear [4] . Our patient's cavernous malformation in the dorsolateral pons affected the central tegmental tracts and thus produced ipsilateral HOD.
Hypertrophic olivary degeneration is quite unusual since enlargement rather than atrophy occurs. Enlargement is due to a phenomenon called trans-synaptic (or trans-neuronal) degeneration.
Histopathological analysis of autopsy specimens has demonstrated an unusual pattern of neuronal cytoplasmic vacuolization, hypertrophy of astrocytes , increased gliosis and demyelination of the olivary nucleus leading to macroscopic hypertrophy [11] .
Clinical symptoms classically include palatal tremor, and can include ocular myoclonus and dentatorubral tremors. These abnormal involuntary motor movements are thought to arise from failure of inhibition of the inferior olive as many of the supplying nerve fibers from the dentate nucleus are primarily inhibitory or GABAergic [9] . Although a classic finding, palatal tremors are not always present in patients with HOD seen on imaging, but the reverse is not true and HOD is essentially always found in patients with palatal myoclonus [3, 6, 9] . Palatal myoclonus is reported to typically occur 10-11 months subsequent to the anatomic insult [12] , and thus our 7 month post-operative patient may still develop this symptom. When these tremors occur, they are difficult to treat and rarely resolve [12, 7] but successful management of symptoms with benzodiazepines and carbamazepine has been reported [5] .
A variety of insults can lead to HOD, including hemorrhage, infarct, trauma, surgery, or tumor [5, 7] , and HOD has been described in both adults and children [6] . In our case, it is not clear if HOD occurred secondary to the initial brainstem hemorrhage or secondary to surgical intervention.
Given the patient's history of previous hemorrhage without HOD, we favor surgery as the causative insult.
The signal changes and swelling seen on MRI occur in a specific sequence. T2 hyperintensity in the inferior olivary nucleus can be seen as early as 1-2 months after ictus and has been reported to persist indefinitely [2] . The inferior olive may be isointense on T1 imaging, as in our case, or in some instances slightly hyperintense [6] . Hypertrophy of the inferior olive is a delayed finding seen beginning 4-6 months after the event and resolving usually within the first year and always by 3-4 years [12, 2] . Atrophy of the inferior olive can be seen years after the event [2] . These imaging findings have been described as three distinct stages (Table 1) . Stage one showing T2 hyperintensity without hypertrophy, stage two both hypertrophy and high signal, and stage three resolution of hypertrophy (with or without atrophy) with persistent signal abnormality [2] . According to this classification, our patient would fall within the second stage of HOD evolution.
Focal signal changes seen in the inferior medulla are not pathognomonic for HOD. Infarction, demyelinating disease, malignancy-such as primary brainstem astrocytoma or metastasis, infections-such as TB or AIDS related syndromes, and inflammatory processes such as sarcoidosis, could all produce similar signal changes [12] . Absence of enhancement helps distinguish HOD from tumor, or inflammation/infection. Precise localization of the signal changes to the inferior olivary nucleus is also very helpful in making the diagnosis, but again not specific as similar changes have been reported to occur in Wernicke-Korsakoff syndrome [12] . Enlargement of the inferior olive helps narrow the differential, since a chronic infarction or demyelinating process would be expected to produce atrophy. Identifying an inciting lesion appropriately located to interrupt the dentate-rubro-olivary tracts with the correct timing of the signal change and swelling is the key to diagnosis.
Hypertrophic olivary degeneration is a rare and potentially confusing imaging finding with unusual histological features causing macroscopic enlargement rather than atrophy of the inferior olive. Palatal myoclonus or other movement disorders may not always occur; however, the possibility of developing HOD and its clinical sequela is a relevant concern for clinicians and patients when surgery is contemplated. Knowledge of the condition and its MR characteristics on the part of the radiologist can prevent erroneous diagnoses of more sinister pathology. 
Etiology
Transsynaptic neuronal degeneration secondary to any disruption of the dentato-rubroolivary tracts.
Incidence
Rare.
Gender and age predilection
No known age or gender distribution. HOD has been described in both adults and children.
Risk factors
Any insult to the brain stem and cerebellum involving the relevant anatomical tracts can potentially cause HOD, including hemorrhage, infarct, trauma, surgery, or tumor.
Treatment
Successful symptomatic management of typical tremors has been reported with benzodiazepines and carbamazepine.
Prognosis
Guarded as symptoms are likely irreversible.
Findings at imaging
Enlargement and T2/FLAIR signal hyperintensity of the inferior olivary nucleus without enhancement in the setting of a prior inciting lesion appropriately located to interrupt the dentate-rubro-olivary tracts. The correct timing of the signal change and swelling is the key to diagnosis 
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